Summary Serum nutritional components and food intake were examined in Nepalese (127 males and 163 females aged 4 to 72 years) living in a remote hilly village (area A and B, area A is located at a relatively lower altitude and is warmer) in the eastern region of Nepal. Mean values of height and weight for the groups covering ages 4 to 19 of both sexes and in both areas increased with age. The mean BMI value for each age group was mostly under 22, and the BMI correlated with age, and with systolic and diastolic blood pressure. The mean values of serum components were about the same levels in both sexes. Mean values of triglyceride (TG) of over 150 mg/dl were found in males 20-50 years old and in females over 50 years old in area A, and generally the mean values of TG of the subjects tended to be in the higher range of normal. The main foods consumed in both areas were rice, maize, potatoes, pulses, milk and dairy products, and vegetables, with a difference in the amounts consumed. Milk and dairy products were almost the sole food source of animal origin. The rather higher serum TG levels of the subjects may be due to large amounts of consumption of cereals containing a lot of carbohydrate, which transformed into lipids in the metabolic pathway. The present food intake study revealed that the amounts of food consumed were not adequate resulting in a latent and chronic deficiency of nutrients, especially such as calcium (Ca), iron (Fe), and fat-soluble vitamins. These results suggest that improvement of the nutritional status is needed in this people group.
Introduction
Malnutrition is major public health problem in Nepal [1] [2] [3] [4] [5] [6] and is aggravated by highly prevalent infectious disease [ 6 ] . In view of this situation, we studied the health and sanitary status in Boya Village Development Committee (VDC), Bhojpur district, Nepal in 1996 and 1997, and suggested a great need for educational and promotional activities with regard to public health and sanitation [ 7 ] . Boya VDC is a typical hilly village in Nepal. The altitude ranges approximately from 1,500 to 2,500 m. It is located in Bhojpur district in eastern Nepal, a halfday walk west of the nearest airstrip at Tumlingtar in Sankhuwasabha district and slightly more than a half-day walk from another airstrip at Taksar near the district headquarters. Boya VDC is devoid of basic developmental infrastructures including roads. People there live on a subsistence agriculture. In this paper, we report the nutritional components in serum and dietary food intake of people living in this remote hilly village located in eastern Nepal.
Subjects and Methods
The present study was conducted in Boya VDC located in northeastern part of Bhojpur district in eastern hilly region in Nepal in 1996 and 1997. In this study, we selected two areas, Taka Bhanjyang (area A) and Popangla (area B) in Boya VDC. The total population in area A and B was approximately 350 and 400, respectively. The subjects who participated in the serum nutritional study in 1996 were 73 males and 102 females in area A, and 54 males and 61 females in area B. Almost all of the subjects were engaged in agriculture and about 83% and 93% of the subjects in area A and B, respectively, were Hindu believers.
Height, weight and blood pressure (systolic and diastolic blood pressure) of the subjects were measured at the same time. Total protein (TP), albumin (Alb), urea nitrogen (BUN), uric acid (UA), triglyceride (TG), total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in sera were measured using commercial clinical kits (TP, Alb, TG, TC, HDL-C: Daiichi Chem. Co., Tokyo; BUN: Wako Pure Chemicals Ltd., Osaka; UA, AST, ALT: Shino Test Co. Ltd., Tokyo, Japan). Serum globulin (Glb) was calculated by subtracting the Alb value from the TP value, and the Alb/Glb ratio was calculated.
A dietary survey was carried out on 44 males and 48 females in area A and 43 males and 38 females in area B in 1996 and 1997. The survey was conducted by questionnaire on 24-h dietary recalling. The data were analyzed and nutrient intake was calculated from food tables of India and Japan. Foods not listed in the tables were substituted with similar items.
All results were expressed as the mean Ϯ SD. Student's unpaired t test was used to establish the statistical significance of the differences. Two-way factorial analysis of variance (ANOVA) was used to assess the statistical significance of difference among two areas and sexes. Pearson's correlation coefficients were used to examine the relationship between the variables. Calculations were performed using Stat View (SAS Institute Inc., NC, USA). Four hypertriglyceremic females (over 400 mg TG/dl) aged 40-59 years were excluded from the statistical analysis.
Results and Discussion
Physical properties of the subjects Table 1 shows the physical properties of the subjects. Mean values of height and weight for the age groups between 4 to 19 years in both sexes of both areas increased with age. The height of the 4 to 14 age groups of both sexes and areas was lower than that of the same age groups in Terai region of southern Nepal [ 4 , 8 ] . This might be due to inadequate nutrition for proper growth in this district. The mean value of body mass index (BMI) of both sexes increased with age from the 4 to 9 age group to the 15 to 19 age group in both areas. The mean BMI values of both sexes over 20 years olds except for the 40 to 49 age group of males and the 30 to 39 age group of females in area A were lower than those for the corresponding sex of the same age group in area B. The lower BMI values in area A than those in area B might be explained by the difference in their daily activities between two areas (area A is located at relatively lower altitude and is warmer), but it was unclear. The mean BMI value, 23.2 Ϯ 4.4, of the 15 to 19 age group for females in area B was the highest in this study. The mean BMI value of each age group for almost all with a few exceptions in area B was under 22 which was considered the lowest morbidity of diseases in 30-59-year-old Japanese [ 9 ] . Also, as the mortality was lowest in rural Bangladeshi women 19 years of age, who had a BMI of 16.37 to 20.71 [ 10 ] , the BMI values of the subjects in this study seemed not to be very low. The mean SBP and DBP for males in both areas, A and B, ranged from 84 Ϯ 8 to 127 Ϯ 9 and from 60 Ϯ 9 to 81 Ϯ 11 mmHg, respectively, whereas those for females ranged from 93 Ϯ 10 to 128 Ϯ 19 and from 57 Ϯ 17 to 86 Ϯ 13 mmHg, respectively. These values of SBP and DBP seemed to be lower than those reported for Nepalese earlier [ 4 ] , for adults 30-65 years old [ 11 ] , and rural Japanese 40 years of age or older [ 12 ] . The age-specific mean values of SBP and DBP increased with age (SBP, r ϭ 0.436 for males and r ϭ 0.524 for females; DBP, r ϭ 0.470 for males and r ϭ 0.408 for females, p Ͻ 0.001 for all). The BMI correlated with age ( r ϭ 0.229, p Ͻ 0.01), SBP and DBP (SBP, r ϭ 0. 480; DBP, r ϭ 0.431, p Ͻ 0.001, respectively). Among rural Japanese, a positive association between BMI and mean blood pressure was reported [ 12 ] . Present study also showed an association between BMI and blood pressure. However, the cross-sectional study reported that an association between over weight and hypertension differed among ethnic groups studied, and was independent of age [ 12 ] .
Serum nutritional components and relationship among them
Serum TP, BUN and UA are shown in Table 2 . In general no differences were observed in the values of these components between the sexes or areas except for UA. The mean values of TP and Alb of the subjects in each age group in both areas were within the ranges considered normal for Japanese (TP, 6.5-7.9 g/dl, Alb, 4.0-5.0 g/dl for combined sexes) [ 13 ] . The TP level of the subjects in this study was about the same as that for the residents in Itahari district, Terai region [8] , but to be lower than that of people in an agricultural Chitwan district, Terai region, Nepal [14] . The BUN and UA levels were within the ranges normal for Japanese (BUN, 8-20 mg/dl, for both sexes; UA, 4.0-7.5 mg/dl for males, 3.0-6.5 for females) [13] . The mean UA value of males tended to be higher than that of females as the normal range was higher for males than for females. UA level of females in area A was lower than that of females in area B (age groups of 30-39 and 60-72 years, pϽ0.01 and pϽ0.05, respectively). Table 3 shows the serum lipid and transferase levels of the subjects. The mean value, 132Ϯ55 mg/dl of TG for males in the 4-9 age group in area A was high compared with that of any of the other same age groups because 2 subjects had TG value, over 200 mg/dl. The normal range of TG was considered 80-150 mg/dl for males and 70-130 mg/dl for females [13] . The mean value of TG over 150 mg/dl was found in the subjects of 20-49 age groups of males and over 50 years old females in area A, and generally the mean values of TG of the subjects tended to be at the higher ranges of the normal. Similar findings have been observed in elsewhere in Nepal [8] . Lim and Heo reported the TG level of 126.0Ϯ0.9 mg/dl in Korean males aged 23 to 72 years [15] . Compared with the normal range of TC (150-230 mg/dl), the mean TC levels were at the lower ranges of normal ranges and the levels of TC were almost the same as TG levels in this study. The mean HDL-C levels in area A tended to be lower than those in area B, especially the values of females except those in the 50 to 59 age group were lower than normal ranges (35-50 mg/dl and 40-60 mg/dl as normal ranges for male and for female, respectively) [13] . Judging from the values of TC, the pro- portion of HDL-C was rather higher than that of above normal ranges of TC and HDL-C. AST was within the normal range or rather higher than it (AST, 5-25 U/liter for both sexes) in this study. ALT was within the normal range (ALT, 3-30 U/liter for both sexes) for both sexes and in both the areas and was almost the same as that of residents in Chitwan district, Terai region, Nepal [16] . The ALT level for males, however, was lower than that reported by Saxena and Shulman (37.1 U/liter for Asian males and 18.1 U/liter for Asian females) [17] . Table 4 shows the correlation coefficients for the serum parameters examined. TP, Alb and Glb showed correlations with each other for both sexes. There was significant positive correlation between age and UA (rϭ0.46, pϽ0.001), TC (rϭ0.27, pϽ0.01) and HDL-C (rϭ0.25, pϽ0.01) for males, and TG (rϭ0.24, pϽ0.01), TC (rϭ0.41, pϽ0.001) and HDL-C (rϭ0.35, pϽ0.001) for females. BUN correlated negatively with AST in males (rϭϪ0.19, pϽ0.05), while positively with that in females (rϭ0.18, pϽ0.05). UA was related with protein metabolism and showed the correlation with age in only males.
Food consumption and nutrient intake among the subjects
It is well known that blood profiles indicate the nutritional status of people. Therefore, the food consumption of some of the subjects was examined ( Table 5 ). The food consumption was greatly influenced by food availability and food habits. The main foods consumed were rice, maize, potatoes, pulses, milk and dairy products and vegetables in both areas with no difference in food item consumption. However, the amounts of food consumed in area A differed from area B. The total amount of cereals consumed in area A was higher (about 400 g/day) than that in area B (about 370 g/day). Among cereals, people in area A consumed rice more than those in area B, whereas maize consumption was higher in area B. People in area A consumed more oils than those in area B, and vice versa for potatoes. In the upper part of area B, potato is one of the major crops. Males in both areas consumed significantly more alcoholic beverages ("jhand", like beer and distilled jhand, "raksi") than females, and females consumed more other vegetables and tea than males.
Rice consumption correlated significantly with that of maize (rϭϪ0.408, pϽ0.001) or colored vegetables (rϭ0.170, pϽ0.05). Maize correlated with pulses (rϭ0.218, pϽ0.01), and potatoes did with fats (rϭ0.173, pϽ0.05) and with pulses (rϭϪ0.165, pϽ0.05). Alcoholic beverages correlated negatively with tea (rϭϪ0.316, pϽ0.001) and milk and dairy products (rϭϪ0.200, pϽ0.01). These results indicate that the main food for subjects was rice or maize, and that most people consumed rice with vegetables or maize with pulses. Generally, people drink water during meals, however, males drank more alcoholic beverages than females and most females drank more tea or milk in this study. Table 6 shows the nutrient composition of the food consumed. There were not many differences about the nutrient intake between the two areas although the amounts of food items consumed were different between the two areas. The small amount of vitamin C intake by males in area A seemed to be due to less consumption of potatoes and vegetables. Males in area B received more niacin due to the intake of maize and meats that they consumed more than other groups. The relationships between food intake and nutrients are indicated in Table 7 . Rice and maize correlated positively with energy (rϭ0.443 and rϭ0.446, respectively, pϽ0.001) and carbohydrate (rϭ0.555 and rϭ0.435, respectively, pϽ0.001). The large intake of cereal containing much carbohydrate might have contributed to higher serum TG level. Serum TG level of the subjects became higher because the excess intake of carbohydrate was transformed into lipids in the metabolic pathway. Another reason for the high TG level in Nepalese may be due to the low intake of lipids, especially polyunsaturated fatty acids that normally inhibit the synthesis of TG in situ in the cell. Replacing fats with carbohydrates increased the fasting TG serum level, whereas n-3 polyunsaturated fatty acids (PUFA) from fish oils decreased it [18, 19] . High-carbohydrate diets increased serum TG [20, 21] . Saturated fatty acids increased hypercholesterolemia, whereas cis-PUFA elicited the most potent hypocholesterolemic effect [22] and TC was not materially affected by n-3 PUFA [18] . The mean amount of PUFA of the subjects in this study was 7.23Ϯ4.11 g/day, which was about a half amount of Japanese [23] . High-carbohydrate and low-fat and -protein diets plus poor eating habits may have caused the rather high serum TG of the subjects. Meats contain protein, minerals and vitamins and are important food as one of protein source, but the amount of meat intake was very low, the same as in other districts reported previously [4, 24] . Consumption of alcoholic beverages correlated with energy (rϭ0.206, pϽ0.01) and niacin (rϭ0.657, pϽ0.001).
Relationship between food intake and serum biochemical components
The relationship between food intake and serum components was examined. As shown in Table 8 increases with the intakes of high-protein food such as meats, eggs, milk and dairy products, and alcoholic beverages. Total amounts of meats and fish consumed were very low in this study. Milk and dairy products were almost the sole food source of animal origin. These results indicated that relationships concerning BUN and UA for males were related to the more amounts of consumption of meats, pulses and alcoholic beverages by them than females. The difference between sexes or areas as shown in Table 4 can not be explained from the differences in the amount of food group consumption. The insufficient amount of food taken by the people resulted in a latent and chronic deficiency of nutrients, especially such as calcium (Ca), iron (Fe), fatsoluble vitamins such as vitamins A and E. MurrayKolb et al. reported that soybeans appear to be a good source of nutritional iron in marginally irondeficient individuals [25] . Nepalese use many kinds of pulses (beans, peas, lentils) as soups [26] and among pulses, black gram contains about 15 mg/100 g of Fe [5] . Therefore, to improve the nutritional status, Nepalese people should be encouraged to consume more pulses (thicker soups), sufficient amount of food of animal origin, and some of nutrient supplements. Further, there is a need to support these people to consume more qualified foods and to provide educational programs so as to create more awareness among the people as to improve about food intake and nutrition, and increase their knowledge in these areas.
